Background: The present investigation was aimed to improve the inflammatory factors and lipoproteins concentration in patients with myocardial infarction (MI) by supplementation with coenzyme Q10 (CoQ10). Methods: In a double-blind, placebo-controlled study, we measured serum concentrations of one soluble cell adhesion molecules (intercellular adhesion molecule-1 [ICAM-1]), serum concentration of intereukin-6 (IL-6) and lipid profiles (high-density lipoprotein-cholesterol [HDL-C], low-density lipoprotein-cholesterol [LDL-C], total cholesterol and triglyceride [TG]) in CoQ10 supplementation group (n = 26) compared with placebo group (n = 26) in hyperlipidemic patients with MI. Fifty-two patients were randomized to receive 200 mg/day of CoQ10 or placebo for 12 weeks. Results: There were no significant differences for serum LDL-C, total cholesterol, and TG between two mentioned groups after the intervention. A significant enhancement in serum HDL-C level was observed between groups after the intervention (55.46 ± 6.87 and 44.07 ± 6.99 mg/dl in CoQ10 and placebo groups, respectively P < 0.001). Concentrations of ICAM-1 (415.03 ± 96.89 and 453.38 ± 0.7 ng/dl CoQ10 and placebo groups, respectively, P = 0.001) and IL-6 (11 ± 9.57 and 12.55 ± 8.76 pg/ml CoQ10 and placebo groups, respectively P = 0.001) in serum were significantly decreased in CoQ10 group. Conclusions: Supplementation with CoQ10 in hyperlipidemic patients with MI that have statin therapy has beneficial effects on their aspects of health.
INTRODUCTION
Myocardial infarction (MI) is a major cause of death and disability worldwide. An MI may be the first indicator of coronary artery disease (CAD), or it may occur, recurrently, in patients with established disease. [1] Original Article Open Access
Cardiovascular disease is the leading cause of death universal. [2] Hyperlipidemia is a major risk factor for CAD. A higher level of low-density lipoprotein-cholesterol (LDL-C) can increase the incidence of CAD. [3, 4] Coenzyme Q10 (CoQ10) (also called ubiquinone) is a lipid-soluble benzoquinone that has 10 isoprenyl units in its side chain and is a key component of the mitochondrial respiratory chain for adenosine triphosphate synthesis. [5, 6] Statins can decrease the synthesis of cholesterol and other molecules downstream of mevalonate. Mevalonate is a precursor of CoQ10. Statins not only lower the blood cholesterol but also lower the level of CoQ10. [7] Higher levels of oxidative stress and inflammation play a role in the development of CAD. [8, 9] CoQ10 is an intracellular antioxidant that protects the membrane phospholipids, mitochondrial membrane protein, and LDL-C from free radical-induced oxidative damage. [10] Coenzyme Q10 is commonly used for the treatment of cardiomyopathy, and there is substantial evidence that heart function is developed upon administration of the lipid. [11] Furthermore, CoQ10 decreases the production of proinflammatory cytokines, as well as blood viscosity, [12] demonstrated to be helpful in patients with heart failure and CAD. Different studies have highlighted the beneficial effects of CoQ10 supplementation in a variety of clinical conditions with emphasis on cardiovascular disease. [12, 13] Intereukin-6 (IL-6) is a powerful inducer of the hepatic acute phase response. Elevated concentrations of acute phase reactants, such as C-reactive protein (CRP), are found in patients with acute coronary syndromes, and predict future risk in apparently healthy subjects. The acute phase reaction is associated with elevated levels of fibrinogen, a strong risk factor for coronary heart disease, with autocrine and paracrine activation of monocytes by IL-6 in the vessel wall contributing to the deposition of fibrinogen. The acute phase response is accompanying to increased blood viscosity, platelet number, and activity. [14] Intercellular adhesion molecules (ICAMs) are structurally related transmembrane glycol proteins of the immunoglobulin supergene family and are ligands for the α2 integrin molecules present on leukocytes. [15, 16] Of the five ICAMs identified, ICAM-1 is the most extensively studied. [17, 18] ICAM-1 specifically contributes in trafficking of inflammatory cells, in leukocyte effect or functions, in adhesion of antigen-presenting cells to T lymphocytes, in microbial pathogenesis, and in signal transduction pathways via outside-in signaling proceedings. [19] This adhesion molecule is localized to both the apical and basolateral surface of endothelial cells, making it ideally positioned to facilitate transendothelial migration of leukocytes. [15] The purpose of this study was to investigate the effect of CoQ10 supplementation (200 mg/day) on serum concentration of ICAM-1, IL-6, and lipid profiles in hyperlipidemic patients with MI during statins therapy.
METHODS

Patients
All 52 patients (39 men, 13 women) were Iranian hyperlipidemic (cholesterol >200 mg/dl, triglyceride [TG] >150 mg/dl) individuals who were referred to the Hazrat Rasool Hospital, Tehran, Iran. All participates had MI with the age of 35-70 years. exclusive criteria included: Smoking and alcohol consumption, diabetes mellitus, kidney and liver disorders, clinical signs of acute inflammation, infectious disease during the study time, consumption of antioxidant such as ascorbic acid and α-tocopherol and omega3 supplement and nonsteroidal anti-inflammatory drugs for 3 months before the study initiation and any changes in kind of their drugs and dose of them during the study.
Participants were instructed not to change their dietary habits throughout the study. All patients were advised to consume beta blockers, thrombolysis, and statin drugs by their physician. Written informed consent was received from all patients for participating in the study before hands. The study protocol was approved by the Iran University of Medical Sciences.
Study design
This was a randomized, double-blind, placebo-controlled study to examine the effects of CoQ10 and placebo in hyperlipidemic patients with MI.
We considered two-sided significance levels of 5% and with 80% power; a sample size of 22 subjects per group was provided, and it was inflated to accommodate the anticipated dropout rate of 10%. For predicting the missing of our samples in each group, we consider 27 subjects in both groups, but two patients were excluded from our study due to diabetes and liver disease [Flow Diagram], so the 52 enrolled patients underwent a block randomization, using a computer-generated sequence: 26 patients were allocated in the intervention group and 26 patients in the placebo group. The sample size was calculated using the following formula: Duration of study was 12 weeks. Laboratory data before and after the intervention were determined. Serum total cholesterol, LDL-C, high-density lipoprotein-cholesterol (HDL-C), TG levels, IL-6 and ICAM-1 concentration in serum were determined before and 12 weeks after CoQ10 or placebo consumption.
Physical activity was assessed by the validated International Physical Activity Questionnaire. [10] Participants, nutrition specialists, and external assessors were blinded to the interventions into which the individuals were allocated.
Laboratory methods
A blood sample after at least 12 h of fasting was drawn at entry and end of the study in the morning. Serum was also separated by centrifugation and stored at −70°C. Serum total cholesterol, HDL-C, LDL-C, and TG were estimated enzymatically (Pars Azmoon. Co, Iran). IL-6 and ICAM-1 were also measured by ELISA method (Bender Med. Co, USA) according to the manufacturer's instructions. Technician was blind to groups.
Statistical analysis
Data are presented as mean ± standard deviation. ANCOVA method was used to compare the impact of CoQ10 treatment on the changes of studied factors. The significant differences between the groups at various time points were also assessed by paired t-test. All numeric variables were tested for normality of distribution by the Kolmogorov-Smirnov test and if necessary, subjected to logarithmic transformation before applying parametric tests. Results were considered significant if the P < 0.05. The Statistical Package for Social Sciences (version 18.0; SPSS Inc., Chicago, IL, USA) was also used for all analyses.
RESULTS
The study sample included 75% and 15% men and women, respectively. The mean of age and body mass index of subjects were 60 ± 8 years and 26 ± 3.2 kg/m 2 , respectively [ Table 1 ]. A total of 52 subjects (39 men and 13 women) were enrolled in the study and completed the trial. The subjects who received CoQ10 supplement (CoQ10 group, n = 26) and those who received the placebo (placebo group, n = 26) were similar in age and sex distribution and levels of total cholesterol, LDL-C, HDL-C, TG, IL-6, and ICAM-1 in baseline.
Mean levels of total cholesterol, LDL-C and TG were not statistically different between the two groups after the intervention. A significant enhancement in serum HDL-C level was observed between groups after the intervention (55.46 ± 6.87 and 44.07 ± 6.99 mg/dl in CoQ10 and placebo groups, respectively P < 0.001). Concentrations of ICAM-1 (415.03 ± 96.89 and 453.38 ± 0.7 ng/dl CoQ10 and placebo groups, respectively, P = 0.001) and IL-6 (11 ± 9.57 and 12.55 ± 8.76 pg/ml CoQ10 and placebo groups, respectively P = 0.001) in serum were significantly decreased in CoQ10 group [ Table 2 ].
For other variables, no statistically significant difference was observed between two groups in the end of the study. The increase in HDL-C level (P < 0.001) and decrease in all variables (P < 0.001) except TG (P = 0.21), showed statistical significance difference in the CoQ10 group after the intervention compared to the baseline [ Figure 1 ]. 
DISCUSSION
In this clinical trial, we have demonstrated that coenzymeQ10 at the dose of 200 mg/day for 12 weeks increases the HDL-C and decreases inflammation in patients with MI during statins therapy. In the present study, the levels of ICAM-1 and IL-6 in serum were significantly decreased after CoQ10 supplementation. Schmelzer et al. [20, 21] demonstrated that CoQ10 could exert anti-inflammation effects via the reduction of nuclear factor-KB (NF-KB) dependent gene expression. NF-KB can be activated by the reactive oxygen species and can then up-regulate pro-inflammatory cytokines expression. However, this NF-KB -activating cascade could be inhibited by antioxidants like CoQ10. [22] Lee et al. showed that CoQ10 supplementation at 300 mg/day decreased the levels of tumor necrosis factor-α by 0.30 pg/ml and IL-6 by 0.52 pg/ml. However, CoQ10 supplementation had no effect on the level of CRP. [23] In MI patients, who are thrombolysed, severe endothelial dysfunction in the infarct-related arteries is observed [24] with an increase in inflammatory cytokines like IL-6 and Values are presented as mean±2SD. *P value for the comparison of changes after intervention between two groups (ANCOVA). BMI=Body mass index, SD=Standard deviation, CoQ10=Coenzyme Q10 also its signaling product CRP. Circulating IL-6 levels constitute a significant pro-atherogenic cytokine, and serum IL-6 concentration was an independent predictor of cardiovascular mortality. [25] Almost there is not any study about effects of CoQ10 on ICAM-1, however; one study has examined this relationship with other antioxidants such as vitamin E and probucol. This study showed that oxidized LDL can induce the expression of different adhesion molecules; this induction can be prevented by pretreating either the LDL or the cells with radical-scavenging antioxidant. [26] According to Maldonado A findings, consumption of vitamin C-rich apple juice can reduce ICAM-1 and total cholesterol in healthy young adults. [27] We have shown that the consumption of CoQ10, for 12 weeks had beneficial effects on the immune system among patients with acute MI. Our findings clearly demonstrated that CoQ10 supplementation can reduce the ICAM-1 and IL-6 serum concentration in MI patients. Inflammation plays a critical role in atherogenesis. The initial step in atherosclerosis is the adhesion of leukocytes to activated endothelial cells mediated by ICAM-1, an inflammatory protein. The results of this double-blind, randomized clinical trial demonstrate that intake of CoQ10 (200 mg/day) for 12 weeks, leads to significant increase in serum HDL-C in MI patients. Our results also indicate a slight but not significant decrease in serum LDL-C, total cholesterol, and TG. The rise in the serum HDL-C initiates cholesterol efflux and facilitates the removal of excess cholesterol from the arteries and delivers it to the liver for being removed through reverse cholesterol transport pathway. [28] Patients receiving statin show lower levels of plasma CoQ10, Therefore, statin treatment may cause a CoQ10 deficiency. [29] Studies have consistently demonstrated that statin therapy decreases circulating CoQ10 concentrations. [30] According to Chapidze et al., [31] treatment with CoQ10 in a patient with ischemic heart disease, is associated with its potential independent role in lowering the markers of oxidative stress and decreasing the total cholesterol/HDL-C ratio. Two limitations of the present study should be mentioned. First, the number of participants was small; although we did recruit more subjects than expected. Second, lack of measurement of apolipoproteins was the major limitation of our study. Markers such as fibrinogen, vitamin D, and CRP have a strong association with cardiovascular disease.
CONCLUSIONS
We have demonstrated that CoQ10 supplementation at a dose of 200 mg/day significantly increases serum HDL-C, IL-6, and ICAM-1 serum concentration in hyperlipidemic patients with MI. These patients might benefit from using CoQ10 supplements to increase their antioxidation and anti-inflammation capacity during statins therapy.
